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Ghsrvlw0Uhixqg rq Oderu= D Vroxwlrq wr Htxloleulxp
Xqhpsor|phqwB
Ehq M1 KhlmgudW





Wkh sdshu vwxglhv wkh hpsor|phqw hhfwv ri d ghsrvlw0uhixqg vfkhph rq oderu lq d vlpsoh
vhdufk0wkhruhwlf prgho ri wkh oderu pdunhw1 Lw lv vkrzq wkdw li d up sd|v d ghsrvlw zkhq
lw uhv d zrunhu wr eh uhixqghg zkhq lw hpsor|v wkh vdph ru dqrwkhu zrunhu/ wkh ydfdqf|
udwh lqfuhdvhv dqg wkh xqhpsor|phqw udwh ghfolqhv1 Krzhyhu/ wkh vfkhph lqwurgxfhv
uljlglwlhv lq wkh oderu pdunhw zklfk pd| eh xqghvludeoh lq frxqwulhv zdqwlqj wr olehudol}h
wkhlu oderu pdunhwv1 MHO fodvvlfdwlrq frghv= M6/ M9;31 Nh|zrugv= ghsrvlw0uhixqg
vfkhphv/ ulqj frvwv/ klulqj vxevlglhv/ mre vhdufk/ htxloleulxp xqhpsor|phqw1
4 Lqwurgxfwlrq
Vrph shrsoh uhwxuq hpsw| erwwohv wr wkh vwruh ehfdxvh wkh| qg olwwhulqj dqg qrquhf|folqj
xqdffhswdeoh iurp dq hqylurqphqwdo srlqw ri ylhz1 Pdq| shrsoh/ krzhyhu/ duh prwlydwhg wr
uhwxuq wkh erwwohv rqo| ehfdxvh wkhuh lv prqh| wr eh pdgh lq wkh irup ri d ghsrvlw wkdw lv
uhixqghg1 Wkh olwhudwxuh rq hqylurqphqwdo hfrqrplfv kdv vkrzq wkdw wkhvh ghsrvlw0uhixqg
vfkhphv duh h!flhqw lqvwuxphqwv wr ghdo zlwk wkh qhjdwlyh hqylurqphqwdo h{whuqdolwlhv uh0
vxowlqj iurp iurp loolflw gxpslqj14 Li xqhpsor|phqw lv frqvlghuhg wr fuhdwh qhjdwlyh h{whu0
qdolwlhv/5 rqh frxog dujxh iru xvlqj d ghsrvlw0uhixqg vfkhph lq wkh oderu pdunhw1 Zk| qrw
WGhsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Jurqlqjhq/ S1R1 Er{ ;33/ <:33 DY Jurqlqjhq/ Wkh Qhwkhuodqgv1
Skrqh= .6408306960:636/ Id{= .6408306960:53:/ H0pdlo= e1m1khlmgudChfr1uxj1qo1
yHxurshdq L Ghsduwphqw/ Lqwhuqdwlrqdo Prqhwdu| Ixqg/ :33 4<wk Vwuhhw/ Q1Z1/ Zdvklqjwrq G1F1 53764/
Xqlwhg Vwdwhv ri Dphulfd1 Skrqh= .40535095608688/ Id{= .405350956074<</ H0pdlo= moljwkduwClpi1ruj1 Wkh
dxwkruv zrxog olnh wr wkdqn Ohrq Ehwwhqgrui/ Odqv Eryhqehuj/ Fduor Frwwduhool/ ]hqrq Nrqwrohplv/ Vlprq
Nxlshuv/ Sklools Vzdjho/ dqg sduwlflsdqwv lq d vhplqdu khog dw wkh Hxurshdq L Ghsduwphqw ri wkh LPI iru
frpphqwv rq dq hduolhu yhuvlrq ri wkh sdshu1 Wkh| duh dovr judwhixo wr Mdqhw Exqjd| iru hglwruldo dvvlvwdqfh1
4Vhh/ dprqj rwkhuv/ Pdvvhoo dqg Sdulvk +4<9;,/ Erkp +4<;4,/ dqg Ixoohuwrq dqg Nlqqdpdq +4<<8,1
5Skhosv +4<<:, fodlpv wkdw xqhpsor|phqw lv dvvrfldwhg zlwk qhjdwlyh h{whuqdolwlhv vxfk dv fulph/ srru
khdowk/ dqg fxowxudo ghsulydwlrq1
4
kdyh wkh up sd| d ghsrvlw zkhq lw uhv d zrunhu/ wr eh uhixqghg zkhq lw +uh0, kluhv wkdw ru
dqrwkhu zrunhuB
D ghsrvlw0uhixqg vfkhph rq oderu lv hvvhqwldoo| d vshflf wd{ rq ulqj dq hpsor|hh pdwfkhg
e| d vshflf vxevlg| rq klulqj d +qhz, zrunhu1 Vfkhphv wkdw uho| vroho| rq klulqj vxevlglhv
wr errvw hpsor|phqw pd| hqfrxudjh upv wr jhqhudwh kljk oderu wxuqryhudvvxplqj wkdw
wkh vxevlg| h{fhhgv wkh uhfuxlwphqw dqg wudlqlqj frvwv wr wkh upzlwk d ylhz wr vhfxulqj
d qhw jdlq1 Id| +4<<9, dujxhv wkdw forvh prqlwrulqj lq hpsor|phqw0vxevlg| surjudpv lv
lpsruwdqw wr pdnh vxuh wkdw vxevlglhv duh qrw xvhg wr uhsodfh vxevlgl}hg zrunhuv zkrvh
vxevlg| kdv hqghg qru wr uhfuxlw zrunhuv iru uhfhqwo| fuhdwhg whpsrudu| ydfdqflhv1 E| vhhnlqj
d srolf| pl{ frqvlvwlqj ri erwk d fduurw dqg d vwlfn/ rqh fdq frqwdlq wkh exgjhwdu|
lpsolfdwlrqv ri klulqj vxevlglhv> ulqj wd{hv uhgxfh upv* lqfhqwlyhv wr od| r zrunhuv dqg
jhqhudwh jryhuqphqw uhyhqxhv wr +sduwo|, qdqfh sxeolf vshqglqj rq klulqj vxevlglhv1
Wkh fxuuhqw sdshu dqdo|}hv wkh orqj0uxq xqhpsor|phqw hhfwv ri ghsrvlw0uhixqg vfkhphv
rq oderu1 Wr wklv hqg/ d prglhg yhuvlrq ri Slvvdulghv* +4<<3, vhdufk0wkhruhwlf prgho ri wkh
oderu pdunhw lv hpsor|hg1 Wklv iudphzrun doorzv iru  rzv lq wkh oderu pdunhw iurp wkh
fuhdwlrq ri qhz mrev dqg wkh +h{rjhqrxv, ghvwuxfwlrq ri vxshu xrxv mrev1 Lw dvvxphv d vhdufk
surfhvv lq zklfk upv rhulqj ydfdqflhv dqg xqhpsor|hg mre0vhhnlqj zrunhuv duh eurxjkw
wrjhwkhu lq d vwrfkdvwlf idvklrq1 Lq wklv w|sh ri prgho/ ydfdqflhv dqg xqhpsor|phqw rffxu
vlpxowdqhrxvo| lq htxloleulxp1 Slvvdulghv* prgho wkxv glhuv udglfdoo| iurp wkh djjuhjdwh
+fodvvlfdo, oderu pdunhw prgho lq zklfk rqo| xqhpsor|hg zrunhuv +ydfdqflhv, duh revhuyhg
zkhq wkh zdjh lv deryh +ehorz, lwv htxloleulxp ydoxh1 Wkh prgho ihdwxuhv d vhdufk h{whuqdolw|
zklfk lv uhsuhvhqwhg e| djhqwv* frqwdfw suredelolwlhv dv d ixqfwlrq ri oderu pdunhw wljkwqhvv=
wkh suhvhqfh ri dq dgglwlrqdo up zlwk d ydfdqf| pdnhv lw hdvlhu iru zrunhuv wr qg mrev exw
kdughu iru upv wr oo ydfdqflhv1 Vlploduo|/ dq dgglwlrqdo xqhpsor|hg zrunhu pdnhv lw pruh
gl!fxow iru zrunhuv wr orfdwh mrev exw hdvlhu iru ydfdqflhv wr eh oohg zlwk zrunhuv1
Vr idu/ wkh olwhudwxuh rq xqhpsor|phqw srolf| kdv qrw vwxglhg ghsrvlw0uhixqg v|vwhpv lq
wkh frqwh{w ri oderu pdunhwv1 Krzhyhu/ wkhuh h{lvwv d vxevwdqwldo olwhudwxuh rq klulqj vxevlglhv/
rq wkh rqh kdqg/ dqg ulqj frvwv rq wkh rwkhu kdqg1 Lqirupdo glvfxvvlrqv rq wkh ehqhfldo
hpsor|phqw hhfwv ri klulqj vxevlglhv fdq eh irxqg lq Skhosv +4<<:,/ Id| +4<<9,/ dqg RHFG
+4<<7,1 Wkh hduolhu wkhruhwlfdo olwhudwxuh rq hpsor|phqw vxevlglhv/ zklfk dvvxphv d fohdulqj
oderu pdunhw/ vwuhvvhv wkhlu hpsor|phqw0hqkdqflqj hhfw1 Uhfhqwo|/ Ploodug dqg Pruwhqvhq
+4<<:, dqg Pruwhqvhq dqg Slvvdulghv +4<<;,hpsor|lqj d vhdufk0wkhruhwlf prgho ri wkh oderu
pdunhwkdyh vkrzq wkdw klulqj vxevlglhv uhgxfh wkh gxudwlrq ri xqhpsor|phqw exw kdyh dq
dpeljxrxv hhfw rq wkh xqhpsor|phqw udwh16 H{shulphqwv zlwk hpsor|phqw vxevlglhv lq
wkh Xqlwhg Vwdwhv dqg Lwdo|dv uhsruwhg lq Zrrgexu| dqg Vslhjhopdq +4<;:, dqg Ihool dqg
6Wkhvh sdshuv h{whqg Slvvdulghv* +4<<3, iudphzrun e| hqgrjhql}lqj wkh mre ghvwuxfwlrq surfhvv1 Ehfdxvh
wkhlu dqdo|wlfdo iudphzrun |lhogv lqghwhuplqdwh hpsor|phqw hhfwv ri klulqj vxevlglhv/ wkh fxuuhqw sdshu
hpsor|v wkh vlpsohu Slvvdulghv prgho zklfk dvvxphv dq h{rjhqrxv xqhpsor|phqw kd}dug1 Dffruglqjo|/ wkh
prgho fdqqrw doorz iru wkh hhfw ri ulqj wd{hv rq upv* lqfhqwlyhv wr od| r zrunhuv1
5
Lfklqr +4<;;,kdyh jhqhudoo| ehhq vxffhvvixo lq lqfuhdvlqj hpsor|phqw1 Krzhyhu/ wkhuh kdv
ehhq olwwoh dqdo|vlv ri vfkhphv wdnlqj lqwr dffrxqw wkh exgjhwdu| frqvhtxhqfhv ri vxevlg|
surylvlrq1 D qrwdeoh h{fhswlrq lv wkh zrun ri Vqrzhu +4<<7, dqg Ruv}dj dqg Vqrzhu +4<<9,/
zkr sursrvh d ehqhw wudqvihu surjudp lq zklfk orqj0whup xqhpsor|hg shrsoh fdq wudqvihu
sduw ri wkhlu xqhpsor|phqw ehqhwv lqwr hpsor|phqw yrxfkhuv zklfk fdq eh xvhg wr vxevlgl}h
wkh upv klulqj wkhp1
Wkh wkhruhwlfdo olwhudwxuh rq ulqj frvwvzlwk fhqwudo frqwulexwlrqv lqfoxglqj Ehuwrod
+4<<3/ 4<<5,/ Ehqwrolod dqg Ehuwrod +4<<3, dqg Errwk +4<<:,jhqhudoo| qgv wkdw hpsor|0
phqw surwhfwlrq surylvlrqv uhgxfh wkh yduldwlrq ri hpsor|phqw ryhu wkh exvlqhvv f|foh/ exw
wkh hhfw rq wkh dyhudjh ohyho ri hpsor|phqw lv dpeljxrxv1 Ilulqj frvwv fuhdwh glvlqfhqwlyhv
iru upv zdqwlqj wr uh zrunhuv exw dovr glvfrxudjh klulqj ehfdxvh ri wkh glvfrxqwhg frvwv ri
srvvleoh ulqj lq wkh ixwxuh1 Dv d uhvxow/ oderu ghpdqg lv uhgxfhg gxulqj errpv dqg lqfuhdvhg
lq voxpsv uhodwlyh wr d vlwxdwlrq zlwkrxw ulqj frvwv1 Ehuwrod +4<<5, vkrzv wkdw zkhq glv0
frxqw dqg dwwulwlrq udwhv duh srvlwlyh/ wkh dyhudjh hpsor|phqw hhfw ri ulqj frvwv ghshqgv
rq lwv hhfw rq wkh pdujlqdo surgxfw ri oderu +zklfk lv qhjdwlyh, dv zhoo dv wkh uhodwlyh vorshv
ri wkh oderu ghpdqg fxuyh lq errpv dqg voxpsv1 Kh dujxhv wkdw li klulqj dqg ulqj f|fohv
duh orqjlq zklfk fdvh dwwulwlrq dqg glvfrxqw udwhv duh odujh dqg wkxv wkh suhvhqw glvfrxqwhg
ydoxh ri ulqj frvw vpdoohpsor|phqw pd| lqfuhdvh17 Qr frqvhqvxv kdv ehhq uhdfkhg |hw lq
wkh hpslulfdo olwhudwxuh rq wkh hpsor|phqw hhfwv ri ulqj frvwv +vhh Kxqw/ 4<<7,1
Wkh prgho dw kdqg vkrzv wkdw ghsrvlwv dqg uhixqgv rq oderu sxvk xs hfrqrp|0zlgh zdjhv/
lqfuhdvh wkh ydfdqf| udwh/ dqg uhgxfh wkh htxloleulxp udwh ri xqhpsor|phqw1 Lqwxlwlyho|/ wkh
vfkhph surylghv dq lpsolflw vxevlg| +l1h1/ wkh fdslwdo ydoxh ri wkh ghsrvlw, wr upv klulqj
qhz hpsor|hhv1 Krzhyhu/ wkh prgho jlyhv d yhu| vw|ol}hg ghvfulswlrq ri wkh oderu pdunhw>
hpsor|hhv zrun +ixoo wlph, gxulqj wkhlu hqwluh olih/ wkh| gr qrw yroxqwdulo| txlw mrev/ dqg
zrunhuv duh hlwkhu hpsor|hg ru xqhpsor|hg lq zklfk fdvh wkh| duh orrnlqj iru d mre1 Dv
wkh glvfxvvlrq vhfwlrq dujxhv/ li upv fdq iuhho| vhw zrunlqj krxuv/ ghsrvlw uhixqg vfkhphv
rq oderu duh olnho| wr lqgxfh upv h{shulhqflqj edg exvlqhvv frqglwlrqv wr lpsrvh vkruwhu
zrunlqj krxuv rq wkhlu zrunirufh dv d vxevwlwxwh iru ulqj wkhp1 Dffruglqjo|/ wkh yduldqfh
ri hpsor|phqw ryhu wkh exvlqhvv f|foh lv vwdelol}hg1 Vrph revhuyhuv pd| fodlp wkdw wklv
frqwulexwhv wr xqghvludeoh uljlglwlhv lq wkh oderu pdunhw1
Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 vhwv rxw wkh vhdufk0wkhruhwlf prgho ri wkh oderu
pdunhw zklfk lqfrusrudwhv d ghsrvlw0uhixqg v|vwhp rq oderu1 Vxevhtxhqwo|/ up ehkdylru/
zrunhu ehkdylru/ dqg zdjh vhwwlqj duh ghvfulehg1 Vhfwlrq 6 ghulyhv wkh frpsdudwlyh vwdwlfv ri d
fkdqjh lq wkh ghsrvlw udwh dqg wkh rswlpdo ghsrvlw udwh1 Vhfwlrq 7 glvfxvvhv vrph lpsolfdwlrqv
ri d ghsrvlw0uhixqg vfkhph dqg uh hfwv rq lwv dssolfdelolw| dv d srolf| lqvwuxphqw wr ghdo zlwk
7Ehqwrolod dqg Ehuwrod +4<<3, doorz iru xqfhuwdlqw| lq upv* exvlqhvv frqglwlrqv dqg qg srvlwlyh hpsor|0
phqw hhfwv lq wkhlu qxphulfdo vlpxodwlrqv hyhq iru yhu| vpdoo dwwulwlrq dqg glvfrxqw udwhv1 Krzhyhu/ Od}hdu
+4<<3, dqg Exugd +4<<5,wkh odwwhu hpsor|lqj d vhdufk0wkhruhwlf iudphzrunghulyh qhjdwlyh hpsor|phqw hhfwv
ri ulqj frvwv1
6
xqhpsor|phqw1 Vhfwlrq 8 frqfoxghv1
5 D Vhdufk Prgho ri wkh Oderu Pdunhw
Vxssrvh wkdw wkhuh lv d {hg oderu irufh/ O/ ri zklfk d iudfwlrq x lv xqhpsor|hg shu xqlw
ri wlph18 Wkh  rz lqwr xqhpsor|phqw ruljlqdwhv iurp dq h{rjhqrxv mre ghvwuxfwlrq surfhvv
wkdw fdxvhv d sursruwlrq v ri rffxslhg mrev wr glvvroyh1 Rqo| xqhpsor|hg oderuhuv vhdufk iru
d mre/ wkxv h{foxglqj rq0wkh0mre vhdufk e| zrunhuv1 Olnhzlvh/ wkh up lv qrw vhdufklqj iru
zrunhuv wr uhsodfh +xqvdwlvidfwru|, lqfxpehqw zrunhuv1 Ydfdqflhv duh fuhdwhg e| qhz upv
ru e| lqfxpehqw upv uhrshqlqj suhylrxvo| ghvwur|hg mrev1
Dw hdfk lqvwdqw ri wlph/ xO xqhpsor|hg zrunhuv dqg yO ydfdqflhv rq rhu hqjdjh lq d
vwrfkdvwlf pdwfklqj surfhvv/ zkhuh y lv wkh ydfdqf| udwh1 Wkh qxpehu ri vxffhvvixo pdwfkhv
ghshqgv rq wkh qxpehu ri xqhpsor|hg zrunhuv/ X  xO/ dqg wkh wrwdo qxpehu ri ydfdqflhv/
Y  yO/ dffruglqj wr wkh iroorzlqj pdwfklqj ixqfwlrq=
{O @ J+X>Y ,> +4,
zlwk JL A 3> JLL ? 3>JT A 3> JT T ? 3> JLT A 3/ zkhuh {O lv wkh wrwdo qxpehu ri pdwfkhv/
{ ghqrwhv wkh pdwfklqj +ru kd}dug, udwh/ dqg J+=> =, lv d olqhduo| krprjhqhrxv ixqfwlrq1 E|
ghqlqj j  {O@Y @ {@y/ wkh pdwfklqj ixqfwlrq fdq eh uhzulwwhq wr |lhog j @ j+,/ zlwk
j+, ? 319 Wkh suredelolw| wkdw d up qgv d zrunhu lq wkh wlph lqwhuydo gw lv jlyhq e|
j+,gw/ zkhuh   Y@X ghqrwhv wkh ydfdqf|0xqhpsor|phqw udwh/ zklfk lv d phdvxuh ri oderu
pdunhw wljkwqhvv1 Wkhq/ wkh h{shfwhg gxudwlrq ri d ydfdqf| lv jlyhq e| 4@j+,1 Vlploduo|/
i+,  j+, lv wkh suredelolw| ri dq xqhpsor|hg zrunhu qglqj d mre vr wkdw 4@i+, lv wkh
h{shfwhg gxudwlrq ri dq xqhpsor|phqw vshoo1
Lq wkh djjuhjdwh/ xqhpsor|phqw hyroyhv dffruglqj wr wkh glhuhqfh ehwzhhq wkh dyhudjh
qxpehu ri xqhpsor|hg zrunhuv zkr qg d mre dqg wkh dyhudjh qxpehu ri zrunhuv hqwhulqj wkh
xqhpsor|phqw srro/ bxOgw @ i+,xOgw v+4 x,Ogw/ zkhuh d grw ghqrwhv d wlph ghulydwlyh1






Dvvxph wkdw wkhuh duh pdq| ulvn0qhxwudo upv hdfk ri zklfk kdv rqh mre wkdw lv hlwkhu oohg
ru ydfdqw1 Li wkh mre lv oohg/ wkh uhsuhvhqwdwlyh up uhqwv sk|vlfdo fdslwdo/ n/ dw wkh frqvwdqw
udwh ri lqwhuhvw/: u/ wr surgxfh rxwsxw dffruglqj wr d frqvwdqw0uhwxuqv0wr0vfdoh surgxfwlrq
8Wklv vhfwlrq exlogv rq Slvvdulghv +4<<3,/ zklfk lv dphqghg wr doorz iru d ghsrvlw0uhixqg vfkhph rq oderu1
9Mre0vhhnlqj zrunhuv  rz rxw ri wkh xqhpsor|phqw srro dffruglqj wr d Srlvvrq surfhvv zlwk udwh %*1
:Dvvxplqj d vpdoo rshq hfrqrp| iru zklfk wkh zruog udwh ri lqwhuhvw lv jlyhq1
7
ixqfwlrq/ I +n> 4,/ zklfk vdwlvhv wkh xvxdo surshuwlhv1 Li wkh mre lv ydfdqw/ wkh up dfwlyho|
vhdufkhv iru d vxlwdeoh zrunhu dqg lv lqfxuulqj vhdufk frvw/ f/ shu xqlw ri wlph1
Vxssrvh wkdw d up klulqj d zrunhu uhfhlyhv d {hg rqfh0r vxevlg| ri e iurp wkh jry0
huqphqw/ exw zkhq lw uhv wkdw zrunhu lw pxvw sd| d wd{ ri e1 Wklv lv olnh d yduldqwlq idfw/
wkh uhyhuvhri d fdvk0uhixqg vfkhph rq erwwohv zkhuh frqvxphuv kdyh wr sd| d {hg dprxqw
rq ex|lqj d oohg erwwoh dqg uhfhlyh d uhixqg +vhw dw wkh vdph udwh, zkhq wkh hpsw| erwwoh lv
surshuo| glvsrvhg ri1; Lq wkh prgho/ lw lv dvvxphg wkdw zrunhuv gr qrw yroxqwdulo| txlw mrev
+lq zklfk fdvh wkh up zrxog qrw qhhg wr sd| d ulqj wd{,1
Ohw M8 dqg MT ghqrwh wkh suhvhqw ydoxh ri surwv ri d up zlwk d oohg mre dqg d ydfdqf|/
uhvshfwlyho|1 Dvvxph shuihfw fdslwdo pdunhwv vr wkdw upv fdq eruurz iuhho| dw wkh pdunhw
udwh ri lqwhuhvw1 Wkhq/ wkh iroorzlqj duelwudjh htxdwlrq fdq eh ghulyhg iru d up kdylqj d
ydfdqf|=
uMT @ f . j+, ^M8 . e MT ‘ = +6,
Htxdwlrq +6, vd|v wkdw wkh fdslwdo frvw ri wkh up/ uMT / vkrxog htxdo wkh up*v h{shfwhg
uhwxuq rq lqyhvwphqw/ zklfk frqvlvwv ri wzr sduwv= +l, wkh +{hg, vhdufk frvw wkdw duh lqfxuuhg
shu wlph xqlw/ dqg +ll, wkh h{shfwhg fdslwdo jdlq zkhq lw qgv d zrunhu1 Wkh odwwhu lv htxdo wr
wkh vxp ri wkh jdlq lq suhvhqw ydoxh iurp oolqj wkh ydfdqf| +l1h1/ M8  MT , dqg wkh vxevlg|
sd|phqw uhfhlyhg iurp wkh jryhuqphqw/ zhljkwhg e| wkh suredelolw| ri qglqj d vxlwdeoh
fdqglgdwh1 Wkh qxpehu ri upv2mrev lv ghwhuplqhg e| wkh }hur0surw frqglwlrqiuhh hqwu|
dqg h{lw ri upv zloo rffxu xqwlo doo surw rssruwxqlwlhv iurp qhz ydfdqflhv duh htxdo wr }hur1
Wklv lpsolhv wkh iroorzlqj h{suhvvlrq iru wkh suhvhqw ydoxh ri dq rffxslhg mre=
MT @ 3 , M8 @ f@j+, e= +7,
Htxdwlrqv +6,0+7, vkrz wkdw e dfwv olnh dq lpsolflw vxevlg| wr upv zlwk d ydfdqf|= wkh
h{shfwhg vhdufk frvwv/ f@j+,/ duh uhgxfhg e| wkh vxevlg| sd|phqw uhfhlyhg iurp wkh jry0
huqphqw1
Iru d up zlwk d oohg mre/ wkh vwhdg|0vwdwh duelwudjh htxdwlrq uhdgv dv iroorzv=
uM8 @ I +n> 4, +u . ,n z v ^M8 . e‘ > +8,
zkhuh z ghqrwhv wkh zdjh udwh dqg  lv wkh udwh ri ghsuhfldwlrq1 Wkh ohiw0kdqg vlgh ri htxdwlrq
+8, uhsuhvhqwv wkh h{shfwhg uhwxuq rq dq rffxslhg mre zklfk lv frpsrvhg ri wkh vxusoxv fuhdwhg
lq surgxfwlrq dqg wkh h{shfwhg fdslwdo orvv rzlqj wr mre ghvwuxfwlrq +l1h1/ v+M8 . e,,1 Li wkh
mre lv ghvwur|hg/ wkh up qrw rqo| orvhv wkh ydoxh ri wkh rffxslhg mre/ exw pxvw dovr sd| edfn
wkh ghsrvlw rq lwv zrunhu wr wkh jryhuqphqw1 Vlqfh wkh mre ghvwuxfwlrq udwh/ v/ lv h{rjhqrxv/
wkh up fdq gr qrwklqj wr uhgxfh wkh suredelolw| ri dq dgyhuvh mre0ghvwur|lqj vkrfn1
; Lq fdvh ri d ghsrvlw0uhixqg rq oderu/ wkh up lv wkh ex|hu ri wkh vhuylfhv ri wkh qrq0uhsurgxfleoh frpprglw|
oderu1 Wkhq/ wkh up uhfhlyhv d vxevlg| li lw kluhv rqh xqlw ri oderu zkloh lq wkh fdvh ri erwwohv wkh up
vxssolhv wkh uhsurgxfleoh frpprglw| erwwohg ehyhudjhv dw d {hg fkdujh1
8




+u. v,M8  I +n> 4, +u . ,n z  ve= +9,
Wklv |lhogv wkh pdujlqdo surgxfwlylw| frqglwlrqv iru fdslwdo dqg oderu=
I&+n> 4, @ u. > +:,
I +n> 4,z @ +u . v,f
j+,
 ue> +;,
zkhuh Q lv hpsor|phqw dqg vxevfulswv ghqrwh sduwldo ghulydwlyhv1 Iurp htxdwlrq +:, lw
iroorzv wkdw wkh rswlpdo vl}h ri wkh up lv ghwhuplqhg e| wkh uhqwdo fkdujh rq fdslwdo jrrgv1
Htxdwlrq +;, vkrzv wkdw oderu uhfhlyhv ohvv wkdq lwv pdujlqdo surgxfw/ rzlqj wr wkh srvlwlyh
vhdufk frvwv1< Krzhyhu/ wkh fdslwdo ydoxh ri wkh ghsrvlw dfwv olnh d vxevlg| rq wkh xvh ri oderu1
515 Zrunhu Ehkdylru
Zrunhuv duh krprjhqhrxv/ olyh iruhyhu/ dqg duh ulvn qhxwudo1 Wkhuhiruh/ wkh| fduh rqo| derxw
wkh h{shfwhg glvfrxqwhg ydoxh ri wkhlu lqfrph1 Lw lv dvvxphg wkdw hdfk zrunhu zlwk d mre
vxssolhv rqh xqlw ri oderu lqhodvwlfdoo|1 Ohw \. dqg \L ghqrwh wkh suhvhqw0glvfrxqwhg ydoxh
ri wkh h{shfwhg vwuhdp ri lqfrph ri/ uhvshfwlyho|/ dq hpsor|hg zrunhu dqg dq xqhpsor|hg
zrunhu1 Dq xqhpsor|hg zrunhu uhfhlyhv dq h{rjhqrxvo| jlyhq lqfrph/ }/ gxulqj klv2khu
vhdufk dqg h{shfwv wr pryh lqwr d mre zlwk suredelolw| i+,143 Wkhq/ wkh iroorzlqj vwhdg|0
vwdwh duelwudjh frqglwlrq fdq eh ghulyhg iru d zrunhu zlwkrxw d mre=
u\L @ } . i+, ^\.  \L ‘ = +<,
Wkh duelwudjh frqglwlrq vd|v wkdw wkh uhwxuq rq kxpdq fdslwdo ri dq xqhpsor|hg zrunhu
gxulqj vhdufkwkh uhvhuydwlrq zdjh44vkrxog htxdo h{shfwhg lqfrph zklfk frqvlvwv ri wkh
lpsxwhg ydoxh ri ohlvxuh dqg wkh fdslwdo jdlq iurp qglqj d mre1
D zrunhu zlwk d mre hduqv d zdjh/ z/ dqg orvhv wkdw mre dw dq h{rjhqrxv udwh v1 Wkhq/ lq
vwhdg| vwdwh/ shupdqhqw lqfrph ri dq hpsor|hg zrunhu/ u\. / vkrxog htxdo h{shfwhg lqfrph/
zklfk h{fhhgv zdjh lqfrph wr frpshqvdwh iru wkh ulvn ri ehfrplqj xqhpsor|hg=
u\. @ z  v ^\.  \L ‘ = +43,
Vroylqj htxdwlrqv +<, dqg +43, |lhogv h{suhvvlrqv iru \. dqg \L =
u\. @
u+z },
u . v. j+,
. u\L >
u\L @
+u. v,} . j+,z
u. v. j+,
= +44,
<Qrwh wkdw Eo n ra8 ’ 8 E&c 3  3 rK1 Htxdwlrq +;, lv rewdlqhg e| xvlqj wklv uhvxow lq +7,1
43Wklv pd| uhsuhvhqw wkh lpsxwhg ydoxh ri ohlvxuh ru lqfrph hduqhg lq wkh klgghq hfrqrp|1
44Wklv frxog dovr eh lqwhusuhwhg dv shupdqhqw lqfrph> wkh dprxqw wkh xqhpsor|hg zrunhu fdq frqvxph
zlwkrxw uxqqlqj grzq klv2khu fdslwdo1
9
Lq d phdqlqjixo htxloleulxp/ zdjhv h{fhhg wkh lpsxwhg ydoxh ri ohlvxuh +z A },1 Frqvhtxhqwo|/
hpsor|hg zrunhuv kdyh d kljkhu shupdqhqw lqfrph wkdq xqhpsor|hg zrunhuv +\. A \L ,1
516 Zdjh Vhwwlqj
Zkhq dq xqhpsor|hg zrunhu dqg d up rhulqj d ydfdqf| phhw/ d sxuh hfrqrplf uhqw lv
fuhdwhg e| wkh hqfrxqwhu/ zklfk lv htxdo wr wkh vxp ri wkh h{shfwhg +qhw, vhdufk frvwv ri wkh
zrunhu dqg wkh up1 Xsrq vhsdudwlrq wklv uhqw zloo eh orvw1 Wkh glylvlrq ri wkh uhqw ri d
sduwlfxodu up0zrunhu sdlulqj l lv d pdwwhu ri edujdlqlqj ryhu wkh zdjh udwh/ z1 Xvlqj wkh
Qdvk edujdlqlqj vroxwlrq/ wkh zdjh udwh lv vhw vxfk wkdw wkh zhljkwhg vxp ri wkh zrunhu*v dqg
up*v qhw uhwxuq lv pd{lpl}hg wdnlqj ehkdylru lq wkh uhvw ri wkh oderu pdunhw dv jlyhq=
Pd{
t
  orj \ .  \L. +4 ,orj M 8 . e MT  > +45,
zkhuh wkh frh!flhqw  +3    4, fdq eh lqwhusuhwhg dv d phdvxuh ri wkh zrunhu*v edujdlqlqj
vwuhqjwk dqg \L dqg MT duh wkh wkuhdw srlqwv ri wkh zrunhu dqg wkh up/ uhvshfwlyho|1
Wkh uhqw0vkdulqj uxoh ghulyhg iurp +45, lv jlyhq e|=
\ .  \L
M 8 . e MT
@

4  = +46,
Wklv |lhogv wkh iroorzlqj zdjh htxdwlrq iru zrunhu l=45
z @ +4 ,u\L .  ^I +n> 4, . ue‘ = +47,
Lq v|pphwulf htxloleulxp/ hdfk up zlwk dq rffxslhg mre fkrrvhv wkh vdph fdslwdo vwrfn/ l1h1/
n @ n1 Dffruglqjo|/ doo zrunhuv duh htxdoo| surgxfwlyh vr wkdw wkh zdjh udwh lv wkh vdph iru
doo zrunhu0up sdluv/ z @ z1 Xvlqj htxdwlrqv +46,/ +<,/ dqg +7,/ wkh uhvhuydwlrq zdjh fdq eh
zulwwhq dv u\L @ }.f@+4,1 Qrz/ e| frpelqlqj wklv zlwk htxdwlrq +47,/ wkh djjuhjdwh
zdjh htxdwlrq iroorzv=
z @ +4 ,} .  ^I +n> 4, . ue. f‘ = +48,
Wkh hfrqrp|0zlgh zdjh lv d zhljkwhg dyhudjh ri wkh lpsxwhg ydoxh ri ohlvxuh dqg wkh up*v
vxusoxv/ zklfk frqvlvwv ri wkh pdujlqdo surgxfwlylw| ri oderu/ wkh h{shfwhg vhdufk frvwv wkdw
duh vdyhg li d ghdo lv vwuxfn/ dqg wkh lpsolflw vxevlg| rq oderu1 Dffruglqjo|/ wkh ghsrvlw udwh
sxvkhv hfrqrp|0zlgh zdjhv xs1
6 Prgho vroxwlrq
614 Pdunhw Htxloleulxp dqg Jryhuqphqw/
Wkh ixoo prgho fdq eh vxppdul}hg e| htxdwlrqv +5,/ +:,/ +;,/ dqg +48,1 Wkh hqgrjhqrxv
yduldeohv ri wkh prgho duh x/ n/ z/ dqg 1 Iru d {hg fdslwdo vwrfn/ wkh prgho fdq eh vroyhg lq
45Vxevwlwxwlqj wkh duelwudjh htxdwlrq iru zrunhu / l1h1/ ot . ’  n rEtL 3 t ./ dqg wkh h{shfwhg fdslwdo
jdlq wr up  ri oolqj d ydfdqf|/ l1h1/ Eo n ra 8 ’ 8E&c 3  3 rK/ |lhogv htxdwlrq+47,1
:
d uhfxuvlyh idvklrq1 Htxdwlrq +:, vkrzv wkdw wkh udwh ri lqwhuhvw ghwhuplqhv wkh rswlpdo vl}h
ri wkh up1 Jlyhq wkh fdslwdo vwrfn/ htxdwlrqv +;, dqg +48, |lhog htxloleulxp ydoxhv iru  dqg
z/ dqg / lq wxuq/ ghwhuplqhv wkh htxloleulxp udwh ri xqhpsor|phqw +vhh +5,,1 Ehfdxvh wkh
udwh ri lqwhuhvw lv dvvxphg wr eh {hg/ wkh zdjh udwh lv wkh rqo| sulfh yduldeoh lq wkh prgho1
Wkh dqdo|vlv vr idu kdv lpsolflwo| dvvxphg wkdw wkh jryhuqphqw qdqfhv wkh ghsrvlw0uhixqg
v|vwhp wkurxjk oxps0vxp wd{hv rq krxvhkrogv1 Wkh jryhuqphqw fdqqrw lvvxh ghew dqg grhv
qrw surylgh xqhpsor|phqw ehqhwv wr zrunhuv146 Dw lqwurgxfwlrq/ doo upv kdylqj d oohg
mre uhfhlyh e iurp wkh jryhuqphqw/ vr wkdw d oxps0vxp wd{ ri W +3, @ +4  x,Oe A 3 lv
qhhghg wr edodqfh wkh jryhuqphqw exgjhw dw wlph }hur1 Rqfh wkh ghsrvlw0uhixqg v|vwhp lv
rshudwlrqdo/ mre ghvwuxfwlrq ohdgv wr qhw jryhuqphqw uhfhlswv/ v+4x,Oe/ dqg qhz mre pdwfkhv
fdxvh qhw jryhuqphqw rxwod|v ri i+,xOe1 Xvlqj htxdwlrq +5, lw fdq eh hdvlo| vkrzq wkdw wkh
ghsrvlw0uhixqg v|vwhp lv exgjhwdu| qhxwudo lq wkh vwhdg| vwdwh1
615 Frpsdudwlyh Vwdwlfv
Wr vwxg| wkh frpsdudwlyh vwdwlf hhfwv wkh prgho fdq eh frpsuhvvhg wr wzr vfkhgxohv lq
wkh xqhpsor|phqw0ydfdqf| vsdfh +vhh Iljxuh 4,1 Wkh XY fxuyhdovr nqrzq dv wkh Ehyhulgjh
fxuyh47lpsolhv d qhjdwlyh uhodwlrqvkls ehwzhhq wkh ydfdqf| udwh dqg wkh xqhpsor|phqw udwh=
li wkhuh duh pdq| ydfdqflhv wkh xqhpsor|hg fdq qg d mre pruh hdvlo|1 Orjolqhdul}lqj htxdwlrq










zkhuh 7 dqg L duh ghqhg dv=
7 
4 x
+4 x,+4 +,, A 3> L 
x. +4 x,+,
+4 x,+4 +,, A 3> +4:,
dqg +,  JL@i+, lv wkh devroxwh ydoxh ri wkh hodvwlflw| ri wkh j+, ixqfwlrq +zlwk 3 ?
+, ? 4,1 Qrwh wkdw v@X A 4  +, vr wkdw L A 3 dqg wkxv wkh XY fxuyh lv grzqzdug
vorslqj1 Wkh srvlwlrq ri wkh XY fxuyh lv xqdhfwhg e| wkh h{lvwhqfh ri d ghsrvlw0uhixqg
vfkhph rq oderu1 Krzhyhu/ dq lqfuhdvh lq wkh mre vhsdudwlrq udwh vkliwv wkh XY fxuyh wr wkh
uljkw1
Lq rughu wr ghulyh wkh YV fxuyhzklfk uhsuhvhqwv wkh vxsso| ri ydfdqflhv iru ydulrxv
htxloleulxp udwhv ri xqhpsor|phqwhtxdwlrq +48, lv vxevwlwxwhg lq htxdwlrq +;, wr rewdlq=
+4 , ^I +n> 4, } . ue‘

u . v. j+,
j+,

f @ 3= +4;,
46Dq lqwhuhvwlqj h{whqvlrq ri wkh prgho zrxog eh wr doorz iru glvwruwlrqdu| wd{hv ru ghew fuhdwlrq wr qdqfh
wkh ghsrvlw0uhixqg vfkhph1 Wklv lv ohiw iru ixuwkhu uhvhdufk1









Iljxuh 4= Ghsrvlw0Uhixqg dqg Oderu Pdunhw
Vxevwlwxwlqj j+, @ v+4  x,@x +iurp +5,, lq htxdwlrq +4;,/ xvlqj   y@x/ |lhogv wkh YV
fxuyh=






































li  lv qrw wrr vpdoo1 Wklv lv olnho| wr eh vdwlvhg lq dq dgydqfhg hfrqrp| +vhh Slvvdulghv/
4<<3,/ zkhuh zrunhuv duh rujdql}hg lq xqlrqv1 Iru d jlyhq xqhpsor|phqw udwh/ dq lqfuhdvh lq
wkh ghsrvlw udwh lqfuhdvhv wkh ydfdqf| udwh dv orqj dv e A 3148 Lq whupv ri Iljxuh 4/ wkh YV
fxuyh vkliwv xs dqg wr wkh ohiw/ dqg wkh htxloleulxp pryhv iurp Hf wr H1 Jlyhq wkh lqfuhdvhg
ydfdqf| udwh/ xqhpsor|hg zrunhuv qg lw hdvlhu wr orfdwh d mre/ dqg khqfh wkh h{shfwhg
gxudwlrq ri dq xqhpsor|phqw vshoo idoov/ dv grhv wkh xqhpsor|phqw udwh1 Lqwxlwlyho|/ wkh
lqwhuhvw hduqhg rq wkh ghsrvlw gxulqj wkh wlph wkh up hpsor|v d zrunhu/ dfwv dv dq lpsolflw
vxevlg| rq klulqj d qhz zrunhu diwhu vhsdudwlrq1
48Dw lqwurgxfwlrq/ zkhq K ’ f lqwldoo|/ wkh ghsrvlw0uhixqg vfkhph grhv qrw dhfw wkh hpsor|0
phqw2xqhpsor|phqw udwh exw uhgxfhv qhw zdjhv li wkh v|vwhp lv qdqfhg e| oxps0vxp wd{hv1
<
616 H!flhqf| dqg wkh Rswlpdo Ghsrvlw Udwh
Wkh vhdufk prgho ihdwxuhv wudglqj h{whuqdolwlhv lpso|lqj wkdw wkh ghfhqwudol}hg pdunhw rxw0
frph zlwkrxw srolf| lqwhuyhqwlrq lv ehorz wkh vrfldoo| rswlpdo rxwfrph1 Wklv vhfwlrq ghulyhv
wkh rswlpdo ghsrvlw0uhixqg udwh lq wkh vwhdg| vwdwh1 Wr nhhs pdwwhuv vlpsoh/ lw lv dvvxphg
wkdw wkh klulqj vxevlg| dqg ulqj wd{ duh ri htxdo pdjqlwxgh1
Vrfldo zhoiduh lv ghqhg dv wkh suhvhqw glvfrxqwhg ydoxh ri jurvv rxwsxw plqxv wkh vxp ri
wkh vrfldo frvwv ri hpsor|phqw +l1h1/ irujrqh ohlvxuh,/ }Q / vhdufk frvwv ri klulqj upv/ fY /




^I +N+w,>Q+w,, }Q+w, f+w,+O+w,Q+w,, L+w,‘ h3o|gw> +55,
zkhuh Q  +4x,O ghqrwhv djjuhjdwh hpsor|phqw/ N S n lv wkh djjuhjdwh fdslwdo vwrfn/
dqg Y  +OQ, ghqrwhv djjuhjdwh ydfdqflhv1 Wkh vrfldo sodqqhu pd{lpl}hv htxdwlrq +55,
vxemhfw wr wkh hpsor|phqw frqvwudlqw/ bQ @ j+,+O Q,  vQ / dqg wkh fdslwdo dffxpxod0
wlrq frqvwudlqw/ bN @ L  N1 Wkh jryhuqphqw*v sureohp fdq eh vroyhg xvlqj Srqwu|djlq*v
pd{lpxp sulqflsoh/ zklfk |lhogv wkh iroorzlqj rswlpdolw| frqglwlrqv=
Ig+an> 4, + . u, @ 3> +56,









 f @ 3> +58,
zkhuh  lv wkh fr0vwdwh yduldeoh ri wkh hpsor|phqw frqvwudlqw/ an lv wkh up*v fdslwdo0oderu
udwlr/ dqg wkh kdwv lqglfdwh vrfldoo| rswlpdo ydoxhv1 Wkh frqglwlrq iru wkh fdslwdo vwrfn/
htxdwlrq +56,/ lv vlplodu wr htxdwlrq +:,/ uh hfwlqj wkh rswlpdolw| ri sulydwh lqyhvwphqw gh0
flvlrqv1 Htxdwlrqv +57, dqg +58, fdq eh zulwwhq wr rewdlq wkh vwhdg|0vwdwh vrfldo rswlpxp
+zlwk b @ 3,=
I +an> 4, } @
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8 f  7+a> ,f= +59,
Wkh vwhdg|0vwdwh v|pphwulf pdunhw frqglwlrq lv dv iroorzv=
I +an> 4, } . ue @

j+, . u . v
j+,+4 ,

f   +> ,f= +5:,
Pdwfklqj wkh wzr htxdwlrqv |lhogv=
ue @ f
k
 +> , 7+a> ,
l
=
Li wkh Krvlrv +4<<3, frqglwlrq lv vdwlvhg +l1h1/ +, @ ,/ wkh vrfldo rswlpxp lv rewdlqhg lq
zklfk doo vhdufk h{whuqdolwlhv duh ixoo| lqwhuqdol}hg1 Khqfh/ wkh jryhuqphqw vkrxog fkrrvh d
43
}hur rswlpdo ghsrvlw udwh/ ue @ 3 vr wkdw a @ 1491 Krzhyhu/ li  lv vx!flhqwo| orz +l1h1/  ? ,/
lpso|lqj wkdw upv dw wkh pdujlq fdxvh ihzhu vslooryhuv wr rwkhu upv wkdq zrunhuv fdxvh
wr rwkhu hpsor|hhv/ htxloleulxp xqhpsor|phqw lv deryh wkh h!flhqw ohyho1 Lq wkdw fdvh/ d
srvlwlyh ghsrvlw udwh lv qhhghgwkhuhe| lpsolflwo| vxevlgl}lqj upvwr |lhog d vrfldoo| rswlpdo
rxwfrph1
7 Glvfxvvlrq
Wkh suhylrxv vhfwlrq vkrzhg/ xvlqj d vhdufk prgho ri wkh oderu pdunhw/ wkdw ghsrvlw0uhixqg
vfkhphv rq oderu uhgxfh wkh qdwxudo udwh ri xqhpsor|phqw dqg lqfuhdvh wkh ydfdqf| udwh1
Wkh wkhruhwlfdo prgho hpsor|hg wr looxvwudwh wkh dujxphqw lv udwkhu vw|ol}hg1 Ehorz/ vrph
olplwdwlrqv ri wkh sursrvhg vfkhph duh glvfxvvhg1
Iluvw/ lw dvvxphv wkdw upv hpsor| oderu iru d {hg qxpehu ri krxuv udwkhu wkdq doorzlqj
iru dq hqgrjhqrxv zrun0krxu fkrlfh1 Lw fdq eh hdvlo| ghprqvwudwhg wkdw upv idflqj d wd{
rq ulqj zrunhuvdqg {hg oderu frvwv wkdw duh qrw wrr odujhduh olnho| wr vkruwhq zrunlqj
krxuv +dv d vxevwlwxwh iru dgmxvwphqw ri hpsor|phqw ohyhov, zkhq wkh| duh klw e| dq dgyhuvh
surgxfwlylw| vkrfn1 Frqvhtxhqwo|/ upv duh olnho| wr krdug oderu gxulqj edg wlphv fdxvlqj
surgxfwlylw| wr pryh surf|folfdoo|1 Ehuwrod +4<<3/ 4<<5, xvhv d vlpsoh g|qdplf +sduwldo,
htxloleulxp prgho wr vkrz wkh vwdelol}lqj hhfw ri ulqj frvwv rq wkh dyhudjh ohyho ri hpsor|0
phqw1 Dovr/ Deudkdp dqg Krxvhpdq +4<<6, qg wkdw Jhupdq frpsdqlhvzklfk w|slfdoo|
idfh vwurqjhu hpsor|phqw surwhfwlrq srolflhv wkdq Dphulfdq hqwhusulvhvuho| pxfk pruh rq
wkh dgmxvwphqw ri dyhudjh zrun krxuv/ lqfoxglqj wkh xvh ri vkruw0wlph zrun/ wr uhgxfh wrwdo
oderu lqsxw gxulqj grzqwxuqv1
Vhfrqg/ oderuhuv duh dvvxphg wr eh zrunlqj gxulqj wkhlu hqwluh olih zkhuhdv lq sudfwlfh
zrunhuv uhwluh dw d jlyhq djh1 Li pdqgdwru| uhwluhphqw glg dsso|/ upv hpsor|lqj zrunhuv
xs wr wkh uhwluhphqw djh frxog nhhs wkh vxevlglhv +uhfhlyhg lq wkh sdvw, rq fxuuhqwo| uhwlulqj
hpsor|hhv1 Lq wklv zd|/ klulqj rog +ohvv surgxfwlyh, zrunhuv pd| eh surprwhg1 Krzhyhu/ xqghu
d  h{leoh uhwluhphqw duudqjhphqw/ upv pd| kdyh dq lqfhqwlyh wr sxvk rog/ xqsurgxfwlyh
zrunhuv lqwr hduo| uhwluhphqw vfkhphv wr hvfdsh wkh exughq ri wkh ulqj wd{1
Wklug/ lq sudfwlfh/ d orw ri zrunhuv h{lw mrev wkurxjk yroxqwdu| txlwv iurp zklfk wkh
prgho devwudfwv1 Li wkh zrunhu whuplqdwhv wkh hpsor|phqw frqwudfw/ upv hqmr| d odujhu
qhw ehqhwwkh| uhfhlyh d klulqj vxevlg| zlwkrxw kdylqj wr sd| wkh ulqj wd{dw wkh frvw ri
kljkhu exgjhwdu| rxwod|v wr wkh jryhuqphqw1 Doorzlqj iru yroxqwdu| vhsdudwlrqv lq wkh prgho
fuhdwhv d prudo kd}dug sureohp= upv pd| dexvh zrunhuv wr lqgxfh wkhp wr txlw +ru hyhq
shukdsv dvn wkhp wr txlw dqg vkduh wkh jdlq zlwk wkhp, vr wkdw wkh| gr qrw kdyh wr sd| wkh
ulqj wd{1 Krzhyhu/ wkh yhu| h{lvwhqfh ri ulqj wd{hv pd| dovr jlyh ulvh wr prudo kd}dug iru
hpsor|huv= zrunhuv duh pruh olnho| wr vklun ehfdxvh ulqj frvwv pdnh lw pruh frvwo| iru upv
49Iru d Free0Grxjodv pdwfklqj ixqfwlrq lw lv hdv| wr vkrz wkdw YK*Y# 	 f/ YK*Yw : f dqg o_K*_w ’
YK*Yw : f1 Lq wklv fdvh/ # lv d frqvwdqw vr wkdw rswlpdolw| ri wkh pdunhw htxloleulxp lv d nqlih0hgjh surshuw|1
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wr uh hpsor|hhv1
Ilqdoo|/ wkh mre ghvwuxfwlrq surfhvv lv h{rjhqrxvo| jlyhq1 Dv d uhvxow/ wkh prgho fdqqrw
wdnh lqwr dffrxqw upv* lqfhqwlyhv wr uhsodfh qrq0vxevlgl}hg hpsor|hhv e| vxevlgl}hg +wkh
vr0fdoohg glvsodfhphqw hhfw,1 Krzhyhu/ doorzlqj iru dq hqgrjhqrxv mre ghvwuxfwlrq udwh
lq d vhdufk prgho grhv qrw jlyh fohdu dqdo|wlfdo uhvxowv1 Pruwhqvhq dqg Slvvdulghv +4<<;,
vkrzxvlqj d yduldqw ri Slvvdulghv* +4<<3, prgho lq zklfk mre ghvwuxfwlrq wdnhv sodfh zkhq
lglrv|qfudwlf vkrfnv uhgxfh oderxu surgxfwlylw| ehorz vrph uhvhuydwlrq wkuhvkrogwkdw wkh
hpsor|phqw hhfw ri dq lqfuhdvh lq klulqj vxevlglhv lv dpeljxrxv1 Rq wkh rqh kdqg/ wkh frvwv
ri mre fuhdwlrq duh uhgxfhg/ vwlpxodwlqj mre fuhdwlrq dqg lqfuhdvlqj oderu pdunhw wljkwqhvv
+orzhulqj wkh dyhudjh gxudwlrq ri dq xqhpsor|phqw vshoo,1 Rq wkh rwkhu kdqg/ d wljkwhu
oderu pdunhw lqfuhdvhv wkh uhvhuydwlrq surgxfwlylw| wkuhvkrog dqg wkxv udlvhv mre ghvwuxfwlrq
+lqfuhdvlqj wkh iuhtxhqf| ri xqhpsor|phqw,1
Ehvlghv wkhvh frqvlghudwlrqv/ wkhuh duh d qxpehu ri rwkhu dvshfwv/ uhodwhg wr wkh sudfwlfdo
uhohydqfh ri wkh ghsrvlw0uhixqg vfkhph lq jhqhudo/ wkdw phulw ixuwkhu glvfxvvlrq1
D pdmru frqfhuq uhodwhv wr wkh dgplqlvwudwlyh ihdvlelolw| ri ghsrvlw0uhixqg v|vwhpv1 D
ixqgdphqwdo sureohp lv wkdw wkh vfkhph lv vxemhfw wr iudxg= lw fdq rqo| ehfrph rshudwlrqdo
xqghu wkh vwurqj dvvxpswlrq wkdw wkh jryhuqphqw fdq glvwlqjxlvk txlwv iurp od|rv1 Rwkhu0
zlvh/ d jurxs ri zrunhuv dqg hpsor|huv fdq jhw wrjhwkhu dw wkh h{shqvh ri wkh jryhuqphqw1
Iru h{dpsoh/ dq hpsor|hh zrunlqj dw up D txlwv dqg lv vxevhtxhqwo| uhkluhg e| up E zkhuh
dq hpsor|hh txlwv wr eh uhkluhg e| up D1 Hyhq li txlwv frxog eh glvwlqjxlvkhg od|rv/ wkh
jryhuqphqw qhhgv wr vhw xs d prqlwrulqj v|vwhp wr hqvxuh wkdw upv od|lqj r shrsoh pdnh
wkhlu ghsrvlw uhsd|phqwv1 Prqlwrulqj frvwv duh olnho| wr uhpdlq olplwhg zkhq wkh qxpehu ri
sduwlflsdwlqj upv lq wkh vfkhph lv qrw wrr odujh1 Lq dgglwlrq/ dq hhfwlyh shqdow| v|vwhp
pxvw eh lpsohphqwhg wr hqirufh frpsoldqfh ri upv zlwk ulqj wd{ sd|phqwv1
Rssrqhqwv ri dfwlyh oderu pdunhw srolflhv frxog dujxh wkdw vxevlg|0wd{ vfkhphv rq od0
eru ohdg wr uljlglwlhv lq wkh oderu pdunhw1 Dq dujxphqw djdlqvw mre vhfxulw| surylvlrqv +l1h1/
d ulqj wd{, lv wkdw upv duh olnho| wr iuhh}h wkh dyhudjh vl}h ri wkhlu zrunirufh ryhu wkh
exvlqhvv f|fohwkurxjk ydu|lqj zrunlqj krxuvwr dyrlg ulqj frvwv gxulqj grzqwxuqv1 Wklv
pd| ghod| ru hyhq fdqfho wkh vrphwlphv qhhghg h!flhqf|0hqkdqflqj uhvwuxfwxulqj lq hqwhu0
sulvhv1 Li upv fdqqrw ydu| zrunlqj krxuv/ wkh ghsrvlw0uhixqg vfkhph pd| h{dfhuedwh wkh
yduldwlrq ri hpsor|phqw ryhu wkh exvlqhvv f|foh udwkhu wkdq gdpshqlqj lw +dv lv wkh fdvh zlwk
d v|vwhp ri rqo| ulqj frvwv,1 Qhz dqg jurzlqj upv duh h{shfwhg wr h{sdqg hpsor|phqw
pruh wkdq zlwkrxw wkh vfkhph ehfdxvh wkh| uhfhlyh wkh fxuuhqw vxevlg| sd|phqwv rq qhz
zrunhuv zkhuhdv wkh h{shfwhg ulqj frvwv lq wkh ixwxuh duh glvfrxqwhg dw d srvlwlyh udwh1
Ilulqj frvwv zloo qrw glvfrxudjh klulqj dv orqj dv wkh vxevlg| sd|phqwv h{fhhg wkh h{shfwhg
suhvhqw glvfrxqwhg ydoxh ri ixwxuh ulqj frvwv1 Uhvwuxfwxulqj upv/ krzhyhu/ idfh lpphgldwh
+xqglvfrxqwhg, ulqj frvwv li wkh| fdqqrw ydu| dyhudjh zrunlqj krxuv1
Wkh pdwwhu ri vwrfn yhuvxv  rz vxevlglhv ghvhuyhv dwwhqwlrq1 D jhqhudol}hg dssolfdwlrq ri
wkh ghsrvlw0uhixqg vfkhph zrxog uhtxluh d rqh0r oxps0vxp wd{ dw lqwurgxfwlrq wr qdqfh h{
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srvw glvexuvhphqw ri hpsor|phqw vxevlglhv rq wkh fxuuhqw vwrfn ri zrunhuv1 Li jryhuqphqwv
kdyh wr uhvruw wr glvwruwlrqdu| oderu wd{hv/ wkh hpsor|phqw hhfw rq lpsdfw ghshqgv rq
zkhwkhu wkh errvw wr hfrqrplf ghpdqg iurp vxevlg| glvexuvhphqw grplqdwhv wkh qhjdwlyh
hpsor|phqw hhfw ri oderu wd{dwlrq1 Rqfh wkh ixqgv duh udlvhg wr hvwdeolvk wkh ghsrvlw0
uhixqg v|vwhp/ lw zloo rshudwh rq d exgjhwdu| qhxwudo edvlv lq wkh vwhdg| vwdwhjlyhq wkh
dvvxpswlrqv vhw rxw lq wkh wkhruhwlfdo vhfwlrqehfdxvh wkh lq rz ri zrunhuv pdwfkhv wkh
rxw rz1 Lq sudfwlfh/ lq hydoxdwlqj wkh exgjhwdu| lpsolfdwlrqv/ wkh jryhuqphqw vkrxog dovr
wdnh lqwr dffrxqw wkh vdyhg xqhpsor|phqw ehqhwv wkdw lw rwkhuzlvh zrxog kdyh surylghg wr
xqhpsor|hg zrunhuv dqg wkh orvw uhvrxufhv rq zrunhuv zkr yroxqwdulo| txlw1 Dowhuqdwlyho|/
wkh ghsrvlw0uhixqg vfkhph frxog eh lqwurgxfhg dw wkh pdujlq lq wkh vhqvh wkdw lw zrxog rqo|
dsso| wr qhzo| fuhdwhg mrev +d vr0fdoohg uhfuxlwphqw vxevlg|, ru wkrvh mrev fuhdwhg deryh d
jlyhq uhihuhqfh ohyho ri hpsor|phqw1 Dovr/ wkh jryhuqphqw pd| rsw wr uhvwulfw wkh vfkhph
wr fhuwdlq fdwhjrulhv ri hpsor|phqw vxfk dv orz0vnloo mrev ru wr sduwlfxodu vhfwruv ri wkh
hfrqrp|1 Dsso|lqj wkh ghsrvlw0uhixqg vfkhph dw wkh pdujlq wr wdujhwhg jurxsv vljqlfdqwo|
vdyhv rq wkh exgjhwdu| rxwod|v qhhghg wr vhw xs wkh v|vwhp frpsduhg zlwk dq dfurvv0wkh0
erdug dssolfdwlrq1
Wkh ghsrvlw0uhixqg vfkhph idlov wr eh exgjhwdulo| qhxwudo lq vwhdg| vwdwh zkhq upv jr
edqnuxsw= wkhuh lv qr zd| wr uhfrxs wkh uhyhqxhv iurp ulqj wd{hv rq wkh zrunirufh odlg
r1 Wkhuhiruh/ lq wudqvlwlrq hfrqrplhv/ ihdwxulqj d odujh vkduh ri uhvwuxfwxulqj upv/ wkhvh
vfkhphv kdyh olplwhg sudfwlfdelolw| dv dq lqvwuxphqw wr vwlpxodwh hpsor|phqw1 W|slfdoo|/ wkh
vfkhph frxog eh dssolhg wr vhfwruv ri dgydqfhg hfrqrplhv lq zklfk wkh jryhuqphqw frqvlghuv
wkh udwh ri oderu wxuqryhu wr eh cvrfldoo| h{fhvvlyh* wr prwlydwh hpsor|huv wr uhwdlq dqg wudlq
wkhlu zrunhuv1 Vrph lqgxvwulhv idflqj yhu| xqfhuwdlq qdo ghpdqg sdwwhuqvpluuruhg lq wkhlu
oderu ghpdqgpd| qhhg wr eh h{hpswhg iurp wkh vfkhph1
Wkh wkhruhwlfdo prgho dvvxphg wkdw wkh klulqj vxevlg| dqg ulqj wd{ zhuh htxdo1 Wklv
pdnhv shuihfw vhqvh iru frpprglwlhv zlwk d kljk udwh ri wxuqryhu vxfk dv erwwohv dqg fdu
edwwhulhv1 Krzhyhu/ li wxuqryhu lv orzlq wkh fdvh ri oderu/ d zrunhu pd| eh hpsor|hg dw d
up iru 73 |hduvdqg ghsrvlw udwhv duh qrw lqgh{hg iru lq dwlrq/ lw lv qrw d sulrul fohdu zkhwkhu
wklv lv dq rswlpdo vwudwhj|14: Lq dq lq dwlrqdu| hqylurqphqw/ upv uhfhlyh d odujhu qhw uhdo
ehqhw zkhq d pdwfk glvvroyhv +wkh uhdo ydoxh ri wkh ulqj shqdow| lv ehorz wkh uhdo ydoxh ri
wkh klulqj vxevlg|, dw lqfuhdvhg qhw uhdo frvwv wr wkh jryhuqphqw1 Revhuyhuv pd| fodlp wkdw
wklv surylghv d udwlrqdohlq dgglwlrq wr yroxqwdu| txlwv dqg uhwluhphqwiru d ulqj wd{ juhdwhu
wkdq wkh klulqj vxevlg|1 Lq jhqhudo/ wkh iroorzlqj uxoh vkrxog dsso|= wkh glhuhqfh ehwzhhq
wkh ulqj wd{ dqg wkh mre fuhdwlrq vxevlg| pxvw eh juhdwhu wkdq ru htxdo wr }hur> rwkhuzlvh/
wkh up frxog hduq xqerxqghg uhwxuqv e| fkrrvlqj d yhu| kljk ohyho ri oderu wxuqryhu1
4:Hyhq wkrxjk wkh rswlpdo ghsrvlw udwh frxog eh ghwhuplqhg lq wkhru|/ dvfhuwdlqlqj wkh rswlpdo udwh lq




Ilupv ulqj zrunhuv lpsrvh frvwv xsrq vrflhw| lq whupv ri xqhpsor|phqw ehqhwv/ uhwudlqlqj/
dqg rwkhu oderu pdunhw phdvxuhv1 Wkh irupdo olwhudwxuh rq dfwlyh oderu pdunhw srolflhv kdv
vxjjhvwhg xvlqj +pdujlqdo, hpsor|phqw vxevlglhv ru klulqj vxevlglhv dv rqh zd| wr ghdo zlwk
wkh sureohp ri xqhpsor|phqw1 Wklv sdshu h{soruhv d qhz srolf| vwudwhj|d vxevlg|0wd{
vfkhph rq oderudv dq dowhuqdwlyh wr exgjhwdu| frvwo| hpsor|phqw vxevlg| vfkhphv1 Lw lv
vkrzqxvlqj d vlpsoh vhdufk0wkhruhwlf prgho ri wkh oderu pdunhwwkdw li d up sd|v d wd{
zkhq lw uhv d zrunhu wr eh uhlpexuvhg zkhq lw +uh,kluhv wkdw ru dqrwkhu zrunhu/ wkh hfrqrp|0
zlgh zdjh jrhv xs/ wkh qdwxudo udwh ri xqhpsor|phqw ghfolqhv dqg wkh ydfdqf| udwh lqfuhdvhv1
Wkhruhwlfdoo|/ d ghsrvlw0uhixqg vfkhph vhhpv wr eh d xvhixo srolf| lqvwuxphqw wr uhgxfh
wkh htxloleulxp udwh ri xqhpsor|phqw/ exw wkhuh duh vrph olplwdwlrqv wr lwv dsshdo1 Iluvw/ lw
frxog eh dujxhg wkdw lw fuhdwhv dgglwlrqdo uljlglwlhv lq wkh oderu pdunhw ehfdxvh hpsor|huv pd|
zdqw wr vwdelol}h wkhlu dyhudjh oderu irufhsrvvleo| wkurxjk ydu|lqj wkh dyhudjh krxuv zrunhg
shu shuvrqrxw ri ihdu iru ulqj frvwv gxulqj grzqwxuqv1 Frqvhtxhqwo|/ h!flhqf|0hqkdqflqj
uhvwuxfwxulqj lq upv wkurxjk pdvvlyh od|rv pd| eh ghod|hg1 Krzhyhu/ wkh vfkhph frxog
srwhqwldoo| eh lpsohphqwhg dw wkh pdujlqdsso|lqj rqo| wr qhz uhfuxlwv deryh d fhuwdlq
wkuhvkroglq vhfwruv ru hpsor|phqw fdwhjrulhv zkhuh jryhuqphqwv zdqw wr prwlydwh hpsor|huv
wr uhwdlq dqg wudlq wkhlu hpsor|hhv1 Vhfrqg/ lw frxog fuhdwh prudo kd}dug= upv h{shulhqflqj
edg exvlqhvv frqglwlrqv pd| wu| wr sxvk hpsor|hhv lqwr yroxqwdulo| txlwwlqj udwkhu wkdq ulqj
wkhp1 Krzhyhu/ hpsor|hhv zlwk shupdqhqw frqwudfwv pd| eh hqfrxudjhg wr vklun pruh dv
ulqj wkhp ehfrphv pruh frvwo| wr wkh up1 Wklug/ wkhuh lv qr zd| ri uhfrxslqj ulqj
wd{hv iurp upv jrlqj wkurxjk edqnuxswf| surfhgxuhv1 Ilqdoo|/ wkh ghsrvlw0uhixqg vfkhph lv
vxvfhswleoh wr iudxg> ehfdxvh wkh jryhuqphqw lv xqdeoh wr glvwlqjxlvk txlwv iurp od|rv/ upv
dqg hpsor|hhv pd| jhw wrjhwkhu dw wkh h{shqvh ri wkh jryhuqphqw1 Hyhq li wkh jryhuqphqw
frxog glvwlqjxlvk txlwv iurp od|rv/ wkh vfkhph lv dgplqlvwudwlyho| ghpdqglqj ehfdxvh d
prqlwrulqj soxv shqdow| v|vwhp qhhgv wr eh lq sodfh wr hqirufh frpsoldqfh zlwk ulqj wd{
sd|phqwv1
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suredelolwlhvB Oderxu/ 5=96;<1
Ixoohuwrq/ G1 dqg Nlqqdpdq/ W1 F1 +4<<8,1 Jduedjh/ uhf|folqj/ dqg loolflw exuqlqj ru gxpslqj1
Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw/ 5<=:;<41
Krvlrv/ D1 M1 +4<<3,1 Rq wkh h!flhqf| ri pdwfklqj dqg uhodwhg prghov ri vhdufk dqg xqhp0
sor|phqw1 Uhylhz ri Hfrqrplf Vwxglhv/ 8:=5:<5<;1
Kxqw/ M1 +4<<7,1 Ilulqj frvwv/ hpsor|phqw  xfwxdwlrqv dqg dyhudjh hpsor|phqw= Dq h{dpl0
qdwlrq ri jhupdq|1 Zrunlqj Sdshu 7;58/ QEHU/ Fdpeulgjh1
Od}hdu/ H1 S1 +4<<3,1 Mre vhfxulw| surylvlrqv dqg hpsor|phqw1 Txduwhuo| Mrxuqdo ri Hfr0
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Pdunhw1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1
Slvvdulghv/ F1 D1 +4<<3,1 Htxloleulxp Xqhpsor|phqw Wkhru|1 Edvlo Eodfnzhoo/ R{irug1
Vqrzhu/ G1 M1 +4<<7,1 Frqyhuwlqj xqhpsor|phqw ehqhwv lqwr hpsor|phqw vxevlglhv1 Dphul0
fdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/ ;7=98:31
Zrrgexu|/ V1 D1 dqg Vslhjhopdq/ U1 J1 +4<;:,1 Erqxvhv wr zrunhuv dqg hpsor|huv wr uhgxfh
xqhpsor|phqw= Udqgrpl}hg wuldov lq loolqrlv1 Dphulfdq Hfrqrplf Uhylhz/ ::=8468631
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